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(57) ABSTRACT

The present disclosure provides a display panel, a display
method and a display apparatus. The display panel com-
prises: a {irst transparent substrate and a second transparent
substrate; a plurality of double sided light emitting pixel
units located between the transparent substrates; first elec-
trophoresis units located outside of the first transparent
substrate; and second electrophoresis units located outside
of the second transparent substrate. Each of the electropho-
resis units comprises electrophoresis particles having a first
arrangement mode and a second arrangement mode. If the
clectrophoresis particles 1n any one electrophoresis unit are
in the first arrangement mode, the any one electrophoresis
unit reflects a light emitted from the pixel umt; while 11 the
clectrophoresis particles in any one electrophoresis unit are
in the second arrangement mode, the any one electrophore-
s1s unit absorbs an ambient light passing through the pixel
unit.
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DISPLAY PANEL AND DISPLAY METHOD
THEREOF AND DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Chinese Patent
Application No. 201410270198.5 filed on Jun. 17, 2014 1n

the State Intellectual Property Oflice of China, the whole
disclosure of which i1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a technical field of
display, more particularly, relates to a display panel, a
display method for the display panel and a display apparatus.

2. Description of the Related Art

As the information transmission evolves and light and
thin electronic products develop, the requirements of the
people to the display panel are varying continuously. For
example, applications for bulletin boards of public traflic
hub, mformation display plates on windows of a business
hall need the display apparatus can achieve a double-sided
display 1n convenience of users. Further, portable electronic
products also need the double-sided display to extend the
picture space and switch and process more operations rap-
idly.

At present, the double sided display panel in industries 1s
typically formed as follows: for example, 1t may be formed
by adhering two single sided display panels to each other,
cach of which has 1ts separate driving system. However, 1n
this way, the cost for producing the double sided display
panel 1s relatively high and the resultant double-sided dis-
play panel has a relatively large thickness, and thus the effect
1s not good; alternatively, for example, 1t may be formed by
providing two light emitting regions, each of which has a
reflective layer to retlect a light 1n a direction opposite to the
light emitting direction, on the same substrate, the two light
emitting regions having different light emitting directions.
However, 1n this way, when a light emitting region 1s 1n a
non-display state, 1t still reflects the ambient light, which
causes an undesired contrast for the ambient light. Also for
example, two light emitting regions are provided on the
same substrate with electrophoresis layers on both sides
thereol such that a certain light emitting region may absorb
the ambient light when it 1s 1n the non-display state. How-
ever, 1 this way, when the light emitting region 1s 1n a
display state, the electrophoresis layers will not retlect the
light 1 the direction opposite to the light emitting direction,
which causes undesired display brightness.

SUMMARY OF THE INVENTION

The present disclosure provides a display panel, a display
method for the display panel and a display apparatus. With
technical solutions disclosed herein, a light and thin double-
sided display apparatus may be achieved with relative low
costs and may have relative high display brightness and
ambient light contrast.

According to an embodiment of the present invention, 1t
provides a display panel comprising: a {first transparent
substrate and a second transparent substrate opposed to each
other; a plurality of double sided light emitting pixel units
located between the first transparent substrate and the sec-
ond transparent substrate and arranged 1n a matrix; a plu-
rality of first electrophoresis units located outside of the first
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transparent substrate and corresponding to odd numbered
rows of the pixel umts one by one; a plurality of second
clectrophoresis units located outside of the second transpar-
ent substrate and corresponding to even numbered rows of
the pixel units one by one, wherein each of the first elec-
trophoresis units and the second electrophoresis units com-
prises a plurality of electrophoresis particles having a first
arrangement mode and a second arrangement mode, and
wherein if the electrophoresis particles in any one electro-
phoresis unit of the first electrophoresis units and the second
clectrophoresis units are in the first arrangement mode, the
any one electrophoresis unit reflects a light emitted from the
pixel unit corresponding to the any one electrophoresis unit
while 11 the electrophoresis particles 1n any one electropho-
resis unit of the first electrophoresis units and the second
clectrophoresis units are 1n the second arrangement mode,
the any one electrophoresis unit absorbs an ambient light
passing through the pixel unit corresponding to the any one
clectrophoresis unit.

According to an embodiment of the present invention, it
provides display apparatus comprising a display panel, the
display panel comprising:

a first transparent substrate and a second transparent
substrate opposed to each other;

a plurality of double sided light emitting pixel units
located between the first transparent substrate and the sec-
ond transparent substrate and arranged in a matrix;

a plurality of first electrophoresis units located outside of
the first transparent substrate and corresponding to odd
numbered rows of the pixel units one by one;

a plurality of second electrophoresis units located outside
of the second transparent substrate and corresponding to
even numbered rows of the pixel units one by one,

wherein each of the first electrophoresis units and the
second electrophoresis units comprises a plurality of elec-
trophoresis particles having a first arrangement mode and a
second arrangement mode, and

wherein 11 the electrophoresis particles in any one elec-
trophoresis unit of the first electrophoresis units and the
second electrophoresis units are i the first arrangement
mode, the any one electrophoresis unit reflects a light
emitted from the pixel unit corresponding to the any one
clectrophoresis unit while if the electrophoresis particles 1n
any one electrophoresis unit of the first electrophoresis units
and the second electrophoresis units are in the second
arrangement mode, the any one electrophoresis unit absorbs
an ambient light passing through the pixel unit correspond-
ing to the any one electrophoresis unit.

According to an embodiment of the present invention, i1t
provides a display method for a display panel, the display
panel comprising:

a first transparent substrate and a second transparent
substrate opposed to each other;

a plurality of double sided light emitting pixel units
located between the first transparent substrate and the sec-
ond transparent substrate and arranged in a matrix;

a plurality of first electrophoresis units located outside of
the first transparent substrate and corresponding to odd
numbered rows of the pixel units one by one;

a plurality of second electrophoresis units located outside
of the second transparent substrate and corresponding to
even numbered rows of the pixel units one by one,

wherein each of the first electrophoresis units and the
second electrophoresis units comprises a plurality of elec-
trophoresis particles having a first arrangement mode and a
second arrangement mode, and
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wherein 1 the electrophoresis particles i any one elec-
trophoresis unit of the first electrophoresis units and the
second electrophoresis units are in the first arrangement
mode, the any one electrophoresis unit retlects a light
emitted from the pixel unit corresponding to the any one
clectrophoresis unit while if the electrophoresis particles 1n
any one electrophoresis unit of the first electrophoresis units
and the second electrophoresis units are in the second
arrangement mode, the any one electrophoresis unit absorbs
an ambient light passing through the pixel unit correspond-
ing to the any one electrophoresis unit,

the method comprising:

controlling the arrangement modes of the electrophoresis
particles such that the electrophoresis particles 1 the elec-
trophoresis units corresponding to the pixel units 1n a display
state 1s 1n the first arrangement mode while the electropho-
resis particles in the electrophoresis units corresponding to
the pixel units 1 a non-display state i1s in the second
arrangement mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
become more apparent by describing in detail exemplary
embodiments thereol with reference to the accompanying
drawings. Throughout drawings, same or similar members
are 1ndicated by same reference numerals.

FIG. 1 1s an illustrative structure view of a display panel
according to an embodiment of the present invention;

FIG. 2 1s an 1illustrative structure view of electrophoresis
particles according to an embodiment of the present inven-
tion; and

FIG. 3 1s an 1llustrative structure view of a first or second
clectrophoresis unit according to an embodiment of the
present mvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Exemplary embodiments of the present disclosure will be
described hereinatiter in detail with reference to the attached
drawings, wherein the like reference numerals refer to the
like elements. The present disclosure may, however, be
embodied 1n many different forms and should not be con-
strued as being limited to the embodiment set forth herein;
rather, these embodiments are provided so that the present
disclosure will be thorough and complete, and will fully
convey the concept of the disclosure to those skilled 1n the
art.

According to a general inventive concept of the present
invention, there 1s provided a display panel comprising: a
first transparent substrate and a second transparent substrate
opposed to each other; a plurality of double sided light
emitting pixel units located between the first transparent
substrate and the second transparent substrate and arranged
in a matrix; a plurality of first electrophoresis units located
outside of the first transparent substrate and corresponding
to odd numbered rows of the pixel units one by one; a
plurality of second electrophoresis units located outside of
the second transparent substrate and corresponding to even
numbered rows of the pixel units one by one, wherein each
of the first electrophoresis units and the second electropho-
resis units comprises a plurality of electrophoresis particles
having a first arrangement mode and a second arrangement
mode, and wherein 11 the electrophoresis particles 1n any one
clectrophoresis unit of the first electrophoresis units and the
second electrophoresis units are in the first arrangement
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mode, the any one electrophoresis unit reflects a light
emitted from the pixel unit corresponding to the any one
clectrophoresis umt while if the electrophoresis particles 1n
any one electrophoresis unit of the first electrophoresis units
and the second electrophoresis units are in the second
arrangement mode, the any one electrophoresis unit absorbs
an ambient light passing through the pixel unit correspond-
ing to the any one electrophoresis unit.

In the following detailed description, for purposes of
explanation, numerous specific details are set forth 1n order
to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

As 1illustrated 1mn FIG. 1, an embodiment of the present
invention provides a display panel 100 comprising: a {first
transparent substrate 101 and a second transparent substrate
102 opposed to each other; a plurality of double sided light
emitting pixel units 103 located between the first transparent
substrate 101 and the second transparent substrate 102 and
arranged 1n a matrix. In an embodiment, the double sided
light emitting pixel units 103 can emit a light towards the
first transparent substrate 101 and the second transparent
substrate 102 on 1ts both sides respectively. As an example,
the pixel unit 103 may be a pixel at least comprising red,
green and blue sub-pixels. It may also include a transparent
sub-pixel. It may be a red, green, blue or transparent
sub-pixel.

In an embodiment, the display panel 100 may further
include:

a plurality of first electrophoresis units 104a which are
located outside of the first transparent substrate 101 and
corresponds to odd numbered rows of the pixel units 103 one
by one; and a plurality of second electrophoresis units 10456
which are located outside of the second transparent substrate
102 and corresponds to even numbered rows of the pixel
units 103 one by one. As illustrated in FIG. 1, the first
clectrophoresis units 104a and the second electrophoresis
units 1045 are distributed alternatively on two sides of an
assembly composed of the first transparent substrate 101, the
pixel units 103 and the second transparent substrate 102,
respectively.

As an example, the pixel unit 103 may be at least partially
transparent, which may allow at least a part of ambient light
to pass through it, 1n particular when the pixel unit 103 1s 1n
a non-display state.

Each of the first electrophoresis units 104a and the second
clectrophoresis units 1045 comprises a plurality of electro-
phoresis particles (as shown 1n FIG. 2). In an embodiment,
the electrophoresis particles 105 have a first arrangement
mode and a second arrangement mode. And 11 the electro-
phoresis particles 105 1n any one electrophoresis unit of the
first electrophoresis units 104aq and the second electropho-
resis units 1045 are 1n the first arrangement mode, the any
one electrophoresis unit reflects a light emitted from the
pixel unit 103 corresponding to the any one electrophoresis
umt while if the electrophoresis particles 105 1n any one
clectrophoresis unit of the first electrophoresis units 104a
and the second electrophoresis units 1045 are 1n the second
arrangement mode, the any one electrophoresis unit absorbs
an ambient light passing through the pixel unit 103 corre-
sponding to the any one electrophoresis unit.

As an example, the first electrophoresis units 104a and/or
the second electrophoresis units 1045 may be configured to
control the arrangement modes of the electrophoresis par-
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ticles 105 such that the electrophoresis particles 1035 1n the
clectrophoresis units corresponding to the pixel units 1n a
display state are in the first arrangement mode while the
clectrophoresis particles 1n the electrophoresis units corre-
sponding to the pixel units 103 1n a non-display state are 1n
the second arrangement mode. As an example, the arrange-
ment mode of the electrophoresis particles 105 may include
arrangement such as for the direction, posture of the elec-
trophoresis particles 105. By means of controlling the
arrangement mode of the electrophoresis particles 105, the
first electrophoresis units 104a and the second electropho-
resis units 1045 may be configured to retlect the light
emitted from the pixel units 103 1n the display state corre-
sponding to the electrophoresis unit while absorbing the
ambient light passing through the pixel units 103 in the
non-display state corresponding to the electrophoresis unit.

It should be noted that, when the electrophoresis particles
105 are 1n the first arrangement mode or the second arrange-
ment mode, 1t 1s not necessary that all of the electrophoresis
particles 105 are 1 the same direction or posture. For
example, some of the electrophoresis particles 105 may be
in one direction or posture while the other electrophoresis
particles 105 may be in another direction or posture. Alter-
natively, all of the electrophoresis particles 105 may be in
the same direction or posture.

In an embodiment, the electrophoresis particles 105 may
be 1n a shape of spherical segment. For example, the
clectrophoresis particles 105 may be in a shape of hemi-
sphere. It 1s helpiul to change the arrangement modes of the
clectrophoresis particles 105, for example by inverting,
while taking account mto light absorbing or reflecting areas
of the electrophoresis particles 105.

In an embodiment, the display panel 100 may allow the
odd numbered rows or even numbered rows of pixel units to
display individually, so as to achieve a single sided display.
At this time, the first electrophoresis units 104a or the
second electrophoresis units 1045 corresponding to the odd
numbered rows or even numbered rows of the pixel units
103 1n the display state retlect the light emitted from the
pixel units 103 while the second electrophoresis units 1045
or the first electrophoresis units 104a corresponding to the
pixel units 103 1n the non-display state absorb the ambient
light. As an example, the display panel 100 may also drive
the odd numbered rows and even numbered rows of the pixel
units 103 in time-sharing to carry out the display operation
alternatively. In this example, the odd numbered rows and
even numbered rows of the pixel units 103 have different
display directions to achieve the double sided display. Like-
wise, the first electrophoresis units 104a or the second
clectrophoresis unmits 1045 corresponding to the odd num-
bered rows or even numbered rows of the pixel units 103 in
the display state retlect the light emitted from the pixel units
103 while the second electrophoresis units 1045 or the first
clectrophoresis units 104a corresponding to the pixel units
103 in the non-display state absorb the ambient light. As an
example, the first electrophoresis units 104a and the second
clectrophoresis units 1045 may be driven along with the odd
numbered rows or even numbered rows of the pixel units
103. The time-sharing driving of the odd numbered rows or
even numbered rows of the pixel units 103 1s well known for
the skilled person in the art. Thus, 1ts details are omitted
herein.

As an example, as 1llustrated in FIG. 2, the electrophoresis
particle 105 may have a spherical segment portion 10354 and
a reflective layer 1052 at a bottom of the spherical segment
portion 105a, the spherical segment portion 1054 having a
spherical surface which 1s a light absorbing surface 1051. As
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an example, the light absorbing surface 1051 may be black
while the reflective layer 1052 may be whate.

FIG. 3 shows schematically a structure of the first elec-
trophoresis units 104a/the second -electrophoresis units
104H. Each clectrophoresis umt of the first and second
clectrophoresis units may comprise a chamber 106 filled
with a transparent liquid 110. The chamber 106 may have an
upper wall with a first transparent electrode layer 107 and a
lower wall with a second transparent electrode layer 108,
and a third transparent electrode layer 109 may be located
between the first transparent electrode layer 107 and the
second transparent electrode layer 108. The first transparent
clectrode layer 107, the second transparent electrode layer
108 and the third transparent electrode layer 109 may be
spaced apart by the transparent liquid 110. As an example,
the chamber 106 may be full of the transparent liquid 110.

As an example, the first electrophoresis units 104a and the
second electrophoresis units 1045 may have the substan-
tially same structure.

As an example, the electrophoresis particles 105 may
include first electrophoresis particles 111 and second elec-
trophoresis particles 112, the first electrophoresis particles
111 and the second electrophoresis particles 112 having
opposite whole polarities to each other.

As an example, the first electrophoresis particles 111 are
located between the first transparent electrode layer 107 and
the third transparent electrode layer 109 and the second
clectrophoresis particles 112 are located between the second
transparent electrode layer 108 and the third transparent
clectrode layer 109. Or, the second electrophoresis particles
112 are located between the first transparent electrode layer
107 and the third transparent electrode layer 109 and the first
clectrophoresis particles 111 are located between the second
transparent electrode layer 108 and the third transparent
clectrode layer 109.

As an example, the reflective layers 1052 of the first
clectrophoresis particles 111 face towards the reflective
layers 1052 of the second electrophoresis particles 112 1n the
clectrophoresis units corresponding to the pixel units 103 1n
the non-display state. For example, when the display panel
100 1s 1n the non-display state in whole, 1 all of the first
clectrophoresis units 104a and second electrophoresis units
1045, the reflective layers 1052 of the first electrophoresis
particles 111 face towards the reflective layers 1052 of the
second electrophoresis particles 112. In contrast, the reflec-
tive layers 1052 of the first electrophoresis particles 111 and
the reflective layers 1052 of the second electrophoresis
particles 112 in the electrophoresis units corresponding to
the pixel units 103 in the display state both face towards the
pixel units 103.

In an embodiment, each of the first transparent electrode
layer 107 and the second transparent electrode layer 108
includes two transparent electrodes and a masking bar 113 1s
provided between two transparent electrodes in the same
clectrode layer.

In order that the first electrophoresis units 104a/the sec-
ond electrophoresis units 1045 corresponding to the pixel
umts 103 in the display state reflect the light emitted from
the pixel units 103 while the first electrophoresis units
104a/the second electrophoresis units 1045 corresponding to
the pixel units 103 1n the non-display state absorb the
ambient light. As an example, the spherical segment portions
of the first electrophoresis particles 111 have positive polari-
ties while the retlective layers 1052 of the first electropho-
resis particles 111 have negative polarities and the first
clectrophoresis particles 111 have negative polarities 1n
whole. And further, the spherical segment portions of the
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second electrophoresis particles 112 have negative polarities
while the reflective layers 1052 of the second electrophore-
s1s particles 112 have positive polarities and the second
clectrophoresis particles 112 have positive polarities 1n
whole. Or, as an example, the spherical segment portions of
the first electrophoresis particles 111 have negative polarities
while the reflective layers 1052 of the first electrophoresis
particles 111 have positive polarities and the first electro-
phoresis particles 111 have positive polarities 1n whole. And
turther, the spherical segment portions of the second elec-
trophoresis particles 112 have positive polarities while the
reflective layers 1052 of the second electrophoresis particles
112 have negative polarities and the second electrophoresis
particles 112 have negative polarities in whole. Typically,
the spherical segment portion and the light absorbing surtace
1051 are integrated, thus the light absorbing surface 1051
has the same polarity as that of the spherical segment
portion.

Meanwhile, 1t should be noted that the spherical surfaces
of the spherical segment portions of the first electrophoresis
particles 111 and the second electrophoresis particles 112
both absorb the ambient light 1n external when the reflective
layers 1052 of the first electrophoresis particles 111 face
towards the retlective layers 1052 of the second electropho-
resis particles 112, 1.e., the electrophoresis particles 105 are
in the second arrangement mode, which 1s benefit to improve
the contrast. In contrast, the reflective layers 1052 of the first
clectrophoresis particles 111 and the second electrophoresis
particles 112 may both reflect the light emitted from the
pixel units 103 when the reflective layers 1052 of the first
clectrophoresis particles 111 and the retlective layers 1052
of the second electrophoresis particles 112 face towards the
pixel units 103, 1.¢., the electrophoresis particles 1035 are in
the first arrangement mode, which 1s benefit to improve the
display brightness.

As an example, change of the arrangement modes of the
clectrophoresis particles 105 may be achieved by inverting
the first electrophoresis particles 111 and/or the second
clectrophoresis particles 112.

As an example, the number of the first electrophoresis
particles 111 1s equal to the number of the second electro-
phoresis particles 112 1n a single electrophoresis unit. How-
ever, the present invention 1s not limited to this, for example,
the number of the first electrophoresis particles 111 may
alternatively be diflerent from the number of the second
clectrophoresis particles 112.

An embodiment of the present mmvention may take the
following advantageous eflects: with the first electrophore-
s1s units corresponding to the odd numbered rows of the
pixel units provided on one side of the display panel and the
second electrophoresis units corresponding to the even num-
bered rows of the pixel units provided on the other side of
the display panel, the single sided display may be achieved
by the odd numbered rows or even numbered rows of the
pixel units by controlling the arrangement modes of the
clectrophoresis particles 1n the first and/or second electro-
phoresis units. Or, the double sided display may be achieved
by controlling the odd numbered rows and even numbered
rows of the pixel units 1n a time-sharing manner. Meanwhile,
the light emitted from the pixel units 1n the display state may
be reflected while the ambient light passing through the
pixel units 1n the non-display state may be absorbed, which
may 1mprove the display brightness and ambient light con-
trast of the display panel.

An embodiment of the present invention also provides a
display apparatus comprising the display panel as described
in any one of the embodiments.
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An embodiment of the present invention also provides a
display method for a display panel. The display panel may
be that described 1n any one of the embodiments. The
display method includes:

controlling the arrangement modes of the electrophoresis
particles 105 1n the first electrophoresis umts 104a and/or
the second electrophoresis units 1045 such that the electro-
phoresis particles 105 in the electrophoresis units corre-
sponding to the pixel units 103 1n the display state are in the
first arrangement mode while the electrophoresis particles
105 1n the electrophoresis units corresponding to the pixel
units 103 1n the non-display state are 1n the second arrange-
ment mode.

As an example, 1n relation to the embodiment of the
first/second electrophoresis units as shown in FIG. 3, 1n the
method, the step of controlling the arrangement modes of the
clectrophoresis particles may comprise:

11 a pixel unit 1s 1n the display state, applying a control
voltage to the third transparent electrode layer such that the
reflective layers of the first electrophoresis particles and the
reflective layers of the second electrophoresis particles in the
clectrophoresis unit corresponding to the pixel unit both face
towards the pixel umt in the display state to make the
reflective layers of the first electrophoresis particles and the
reflective layers of the second electrophoresis particles
reflect the light emitted from the pixel unit 1in the display
state.

As an example, 1n the method, the step of controlling the
arrangement modes of the electrophoresis particles may
further comprise:

11 a pixel umit 1s 1n the non-display state, removing or not
applying a control voltage to the third transparent electrode
layer such that the reflective layers of the first electropho-
resis particles face towards the reflective layers of the
second electrophoresis particles to make the spherical seg-
ment portions of the first electrophoresis particles or the
spherical segment portions of the second electrophoresis
particles absorb the ambient light passing through the pixel
unit 1n the non-display state corresponding to the electro-
phoresis unit.

In case that the first electrophoresis particles and the
second electrophoresis particles have opposite whole polari-
ties to each other, the whole polarities of the first electro-
phoresis particles and the second electrophoresis particles
may be:

the spherical segment portions of the first electrophoresis
particles have positive polarities while the reflective layers
of the first electrophoresis particles have negative polarities
and the first electrophoresis particles have negative polari-
ties 1n whole; and the spherical segment portions of the
second electrophoresis particles have negative polarities
while the reflective layers of the second electrophoresis
particles have positive polarities and the second electropho-
resis particles have positive polarities in whole; or

the spherical segment portions of the first electrophoresis
particles have negative polarities while the retlective layers
of the first electrophoresis particles have positive polarities
and the first electrophoresis particles have positive polarities
in whole; and the spherical segment portions of the second
clectrophoresis particles have positive polarities while the
reflective layers of the second electrophoresis particles have
negative polarities and the second electrophoresis particles
have negative polarities in whole.

Thus, when any one electrophoresis particle of the first
clectrophoresis particles and the second electrophoresis par-
ticles needs to be mverted, their polarities 1n absence of the
control voltage applied to the third transparent electrode
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layer need to be set depending on the above two cases of the
first electrophoresis particles and the second electrophoresis
particles.

For example, the spherical segment portions of the first
clectrophoresis particles have positive polarities while the
reflective layers of the first electrophoresis particles have
negative polarities and the first electrophoresis particles
have negative polarities 1n whole; and the spherical segment
portions of the second electrophoresis particles have nega-
tive polarities while the reflective layers of the second
clectrophoresis particles have positive polarities and the
second electrophoresis particles have positive polarities 1n
whole.

In this circumstance, if the second electrophoresis par-
ticles need to be inverted, a positive voltage 1s applied to the
third transparent electrode layer such that the first electro-
phoresis particles are not mnverted while the second electro-
phoresis particles are iverted; and

if the first electrophoresis particles need to be mnverted, a
negative voltage 1s applied to the third transparent electrode
layer such that the second electrophoresis particles are not
inverted while the first electrophoresis particles are inverted.

An embodiment of the present immvention may take the
following advantageous eflects: with the first electrophore-
s1s units corresponding to the odd numbered rows of the
pixel units provided on one side of the display panel and the
second electrophoresis units corresponding to the even num-
bered rows of the pixel units provided on the other side of
the display panel, the single sided display may be achieved
through the odd numbered rows or even numbered rows of
the pixel units by controlling the arrangement modes of the
clectrophoresis particles in the first and/or second electro-
phoresis units. Or, the double sided display may be achieved
by controlling the odd numbered rows and even numbered
rows ol the pixel units 1n the time-sharing manner. Mean-
while, the light emitted from the pixel units in the display
state may be reflected while the ambient light passing
through the pixel units 1n the non-display state may be
absorbed, which may improve the display brightness and
ambient light contrast of the display panel.

Although several exemplary embodiments have been
shown and described, the present invention 1s not limited to
those and it would be appreciated by those skilled 1n the art
that various changes or modifications may be made 1n these
embodiments without departing from the principles and
spirit of the disclosure, the scope of which 1s defined 1n the
claims and their equivalents.

What 1s claimed 1s:

1. A display panel, comprising:

a first transparent substrate and a second transparent

substrate opposed to each other;

a plurality of double sided light emitting pixel units
located between the first transparent substrate and the
second transparent substrate and arranged 1n a matrix;

a plurality of first electrophoresis units located outside of
the first transparent substrate and corresponding to odd
numbered rows of the pixel units one by one;

a plurality of second electrophoresis units located outside
of the second transparent substrate and corresponding
to even numbered rows of the pixel units one by one,

wherein each of the first electrophoresis units and the
second electrophoresis units comprises a plurality of
clectrophoresis particles having a first arrangement
mode and a second arrangement mode, and

wherein 1n response to the electrophoresis particles 1n any
first one electrophoresis unit of the first electrophoresis
units and the second electrophoresis units being in the
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first arrangement mode, the first one electrophoresis
unit reflects a light emitted from the pixel unit corre-
sponding to the first one electrophoresis unit, while 1n
response to the electrophoresis particles 1n any second
one electrophoresis unit of the first electrophoresis
units and the second electrophoresis units being in the
second arrangement mode, the second one electropho-
resis unit absorbs an ambient light passing through the
pixel unit corresponding to the second one electropho-
resis umnit.

2. The display panel according to claim 1, wherein the
first electrophoresis units and/or the second electrophoresis
units are configured to control the arrangement modes of the
clectrophoresis particles such that the electrophoresis par-
ticles 1n the electrophoresis units corresponding to the pixel
units 1n a display state are in the first arrangement mode,
while the electrophoresis particles 1 the electrophoresis
units corresponding to the pixel units 1n a non-display state
are 1n the second arrangement mode.

3. The display panel according to claim 1, wherein the
clectrophoresis particles are 1n a shape of spherical segment.

4. The display panel according to claim 3, wherein the
clectrophoresis particles are 1n a shape of hemisphere.

5. The display panel according to claim 1, wherein each
clectrophoresis unit of the first and second electrophoresis
units further comprises a chamber filled with a transparent
liquid, the chamber comprising an upper wall with a first
transparent electrode layer and a lower wall with a second
transparent electrode layer, and a third transparent electrode
layer being located between the first transparent electrode
layer and the second transparent electrode layer, and the
first, second and third transparent electrode layers being
spaced apart by the transparent liquud;

wherein the electrophoresis particles comprise first elec-

trophoresis particles and second electrophoresis par-
ticles, the first electrophoresis particles and the second
clectrophoresis particles having opposite whole polari-
ties to each other;

wherein the first electrophoresis particles are located

between the first transparent electrode layer and the
third transparent electrode layer, and the second elec-
trophoresis particles are located between the second
transparent electrode layer and the third transparent
clectrode layer; or

the second electrophoresis particles are located between

the first transparent electrode layer and the third trans-
parent electrode layer, and the first electrophoresis
particles are located between the second transparent
clectrode layer and the third transparent electrode layer.

6. The display panel according to claim 3, wherein each
of the first transparent electrode layer and the second trans-
parent electrode layer comprises two transparent electrodes
and a masking bar 1s provided between the two transparent
clectrodes 1n the same electrode layer.

7. The display panel according to claim 5, wherein each
clectrophoresis particle of the first electrophoresis particles
and the second electrophoresis particles has a spherical
segment portion and a reflective layer provided at a bottom
of the spherical segment portion, the spherical segment
portion having a spherical surface which 1s a light absorbing
surtface.

8. The display panel according to claim 7, wherein 1n the
clectrophoresis units corresponding to the pixel units 1n the
non-display state, the reflective layers of the first electro-
phoresis particles face towards the retlective layers of the
second electrophoresis particles, while the reflective layers
of the first electrophoresis particles and the reflective layers




US 9,429,811 B2

11

of the second electrophoresis particles 1n the electrophoresis
units corresponding to the pixel units in the display state
both face towards the pixel units.

9. The display panel according to claim 7,

wherein the spherical segment portions of the first elec-
trophoresis particles have positive polarities while the
reflective layers of the first electrophoresis particles
have negative polarities, and the first electrophoresis
particles have negative polarities 1n whole; and the
spherical segment portions of the second electropho-
resis particles have negative polarities while the reflec-
tive layers of the second electrophoresis particles have
positive polarities, and the second electrophoresis par-
ticles have positive polarities 1n whole, or

wherein the spherical segment portions of the first elec-
trophoresis particles have negative polarities while the
reflective layers of the first electrophoresis particles
have positive polarities, and the first electrophoresis
particles have positive polarities in whole; and the
spherical segment portions of the second electropho-
resis particles have positive polarities while the reflec-
tive layers of the second electrophoresis particles have
negative polarities, and the second electrophoresis par-
ticles have negative polarities 1n whole.

10. The display panel according to claim 5, wherein a
number of the first electrophoresis particles 1s equal to a
number of the second electrophoresis particles in a single
clectrophoresis unit.

11. A display apparatus, comprising a display panel, the
display panel comprising:

a first transparent substrate and a second transparent

substrate opposed to each other;

a plurality of double sided light emitting pixel units
located between the first transparent substrate and the
second transparent substrate and arranged in a matrix;

a plurality of first electrophoresis units located outside of
the first transparent substrate and corresponding to odd
numbered rows of the pixel units one by one;

a plurality of second electrophoresis units located outside
of the second transparent substrate and corresponding
to even numbered rows of the pixel units one by one,

wherein each of the first electrophoresis units and the
second electrophoresis units comprises a plurality of
clectrophoresis particles having a first arrangement
mode and a second arrangement mode, and

wherein 1n response to the electrophoresis particles 1n any
first one electrophoresis unit of the first electrophoresis
unmits and the second electrophoresis units being in the
first arrangement mode, the first one electrophoresis
umt reflects a light emitted from the pixel unit corre-
sponding to the first one electrophoresis unit, while 1n
response to the electrophoresis particles in any second
one electrophoresis unit of the first electrophoresis
unmits and the second electrophoresis units being in the
second arrangement mode, the second one electropho-
resis unit absorbs an ambient light passing through the
pixel unit corresponding to the second one electropho-
resis unit.

12. The display apparatus according to claim 11, wherein
the first electrophoresis units and/or the second electropho-
resis units are configured to control the arrangement modes
of the electrophoresis particles such that the electrophoresis
particles 1n the electrophoresis units corresponding to the
pixel units 1n a display state are 1n the first arrangement
mode while the electrophoresis particles 1n the electropho-
resis units corresponding to the pixel units 1n a non-display
state are 1n the second arrangement mode.
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13. The display apparatus according to claim 11, wherein
cach electrophoresis unit of the first and second electropho-
resis umts further comprises a chamber filled with a trans-
parent liquid, the chamber comprising an upper wall with a
first transparent electrode layer and a lower wall with a
second transparent electrode layer, and a third transparent
clectrode layer being located between the first transparent
clectrode layer and the second transparent electrode laver,
and the first, second and third transparent electrode layers
being spaced apart by the transparent liquid;

wherein the electrophoresis particles comprise first elec-

trophoresis particles and second electrophoresis par-
ticles, the first electrophoresis particles and the second
clectrophoresis particles having opposite whole polari-
ties to each other;

wherein the first electrophoresis particles are located

between the first transparent electrode layer and the
third transparent electrode layer and the second elec-
trophoresis particles are located between the second
transparent electrode layer and the third transparent
clectrode layer; or the second electrophoresis particles
are located between the first transparent electrode layer
and the third transparent electrode layer and the first
clectrophoresis particles are located between the sec-
ond transparent electrode layer and the third transparent
clectrode layer.

14. The display apparatus according to claim 13, wherein
cach of the first transparent electrode layer and the second
transparent electrode layer comprises two transparent elec-
trodes and a masking bar 1s provided between the two
transparent electrodes 1n the same electrode layer.

15. The display apparatus according to claim 13, wherein
cach eclectrophoresis particle of the first electrophoresis
particles and the second electrophoresis particles has a
spherical segment portion and a retlective layer provided at
a bottom of the spherical segment portion, the spherical
segment portion having a spherical surface which 1s a light
absorbing surface.

16. The display apparatus according to claim 15, wherein
in the electrophoresis units corresponding to the pixel units
in the non-display state, the reflective layers of the first
clectrophoresis particles face towards the reflective layers of
the second electrophoresis particles, while the reflective
layers of the first electrophoresis particles and the reflective
layers of the second electrophoresis particles 1n the electro-
phoresis units corresponding to the pixel units 1n the display
state both face towards the pixel units.

17. The display apparatus according to claim 135,

wherein the spherical segment portions of the first elec-

trophoresis particles have positive polarities while the
reflective layers of the first electrophoresis particles
have negative polarities, and the first electrophoresis
particles have negative polarities 1n whole; and the
spherical segment portions of the second electropho-
resis particles have negative polarities while the retlec-
tive layers of the second electrophoresis particles have
positive polarities, and the second electrophoresis par-
ticles have positive polarities 1n whole, or

wherein the spherical segment portions of the first elec-

trophoresis particles have negative polarities while the
reflective layers of the first electrophoresis particles
have positive polarities, and the first electrophoresis
particles have positive polarities 1n whole; and the
spherical segment portions of the second electropho-
resis particles have positive polarities while the reflec-
tive layers of the second electrophoresis particles have
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negative polarnties, and the second electrophoresis par-
ticles have negative polarities 1n whole.

18. A display method for a display panel, the display panel
comprising:

a first transparent substrate and a second transparent

substrate opposed to each other;

a plurality of double sided light emitting pixel units
located between the first transparent substrate and the
second transparent substrate and arranged in a matrix;

a plurality of first electrophoresis units located outside of
the first transparent substrate and corresponding to odd
numbered rows of the pixel units one by one;

a plurality of second electrophoresis units located outside
of the second transparent substrate and corresponding
to even numbered rows of the pixel units one by one,
and

wherein each of the first electrophoresis units and the
second electrophoresis units comprises a plurality of
clectrophoresis particles having a first arrangement
mode and a second arrangement mode,

the method comprising:

in response to the electrophoresis particles in any first one
clectrophoresis unit of the first electrophoresis units
and the second electrophoresis units being 1n the first
arrangement mode, the first one electrophoresis unit
reflects a light emitted from the pixel unit correspond-
ing to the first one electrophoresis umt, while 1n
response to the electrophoresis particles in any second
one electrophoresis unit of the first electrophoresis
unmits and the second electrophoresis units being in the
second arrangement mode, the second one electropho-
resis unit absorbs an ambient light passing through the
pixel unit corresponding to the one electrophoresis unit,
and

controlling the arrangement modes of the electrophoresis
particles such that the electrophoresis particles in the
clectrophoresis units corresponding to the pixel units 1n
a display state are in the first arrangement mode while
the electrophoresis particles 1n the electrophoresis units
corresponding to the pixel units 1n a non-display state
are 1n the second arrangement mode.

19. The method according to claim 18, wherein each
clectrophoresis unit of the first and second electrophoresis
units further comprises a chamber filled with a transparent
liquid, the chamber comprising an upper wall with a first
transparent electrode layer and a lower wall with a second
transparent electrode layer, and a third transparent electrode
layer being located between the first transparent electrode
layer and the second transparent electrode layer, and the
first, second and third transparent electrode layers being
spaced apart by the transparent liquid;

wherein the electrophoresis particles comprise first elec-
trophoresis particles and second electrophoresis par-
ticles, the first electrophoresis particles and the second
clectrophoresis particles having opposite whole polari-
ties to each other;

wherein the first electrophoresis particles are located
between the first transparent electrode layer and the
third transparent electrode layer and the second elec-
trophoresis particles are located between the second
transparent electrode layer and the third transparent
clectrode layer; or the second electrophoresis particles
are located between the first transparent electrode layer
and the third transparent electrode layer and the first
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clectrophoresis particles are located between the sec-
ond transparent electrode layer and the third transparent
clectrode layer,

cach electrophoresis particle of the first electrophoresis

particles and the second electrophoresis particles has a
spherical segment portion and a reflective layer pro-
vided at a bottom of the spherical segment portion, the
spherical segment portion having a spherical surface
which 1s a light absorbing surface,

in the method, the step of controlling the arrangement

modes of the electrophoresis particles comprises:

in response to a pixel unit beimng in a display state,

applying a control voltage to the third transparent
clectrode layer such that the retlective layers of the first
electrophoresis particles and the reflective layers of the
second electrophoresis particles in the electrophoresis
unit corresponding to the pixel unit both face towards
the pixel unit to make the reflective layers of the first
clectrophoresis particles and the reflective layers of the
second electrophoresis particles reflect the light emitted
from the pixel unit 1n the display state.

20. The method according to claim 18, wherein each
clectrophoresis unit of the first and second electrophoresis
units further comprises a chamber filled with a transparent
liquid, the chamber comprising an upper wall with a first
transparent electrode layer and a lower wall with a second
transparent electrode layer, and a third transparent electrode
layer being located between the first transparent electrode
layer and the second transparent electrode layer, and the
first, second and third transparent electrode layers being
spaced apart by the transparent liquud;

wherein the electrophoresis particles comprise first elec-

trophoresis particles and second electrophoresis par-
ticles, the first electrophoresis particles and the second
clectrophoresis particles having opposite whole polari-
ties to each other;

wherein the first electrophoresis particles are located

between the first transparent electrode layer and the
third transparent electrode layer and the second elec-
trophoresis particles are located between the second
transparent electrode layer and the third transparent
clectrode layer; or the second electrophoresis particles
are located between the first transparent electrode layer
and the third transparent electrode layer and the first
clectrophoresis particles are located between the sec-
ond transparent electrode layer and the third transparent
clectrode layer,

cach electrophoresis particle of the first electrophoresis

particles and the second electrophoresis particles has a
spherical segment portion and a reflective layer pro-
vided at a bottom of the spherical segment portion, the
spherical segment portion having a spherical surface
which 1s a light absorbing surface,

in the method, the step of controlling the arrangement

modes of the electrophoresis particles comprises:

in response to a pixel unit being in a non-display state, not

applying a control voltage to the third transparent
clectrode layer such that the retlective layers of the first
clectrophoresis particles face towards the reflective
layers of the second electrophoresis particles to make
the spherical segment portions of the first electropho-
resis particles and the spherical segment portions of the
second electrophoresis particles absorb the ambient
light passing through the pixel unit in the non-display
state corresponding to the electrophoresis unit.
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